In this research article, the unsteady nanofluid flow between two horizontal plates is discussed. The main focus of this study is on the explanation of the relative study of water-based nanofluids with four different types of nanoparticles. The nanoparticles selected for this specific research article are copper oxide (CuO), aluminum oxide (Al 2 O 3 ), copper (Cu), and silver (Ag). The upper plate is moving downward with time-dependent velocity while the lower plate is stretching horizontally. Also the lower plate is made up of porous medium. The stream in permeable region is characterized by Darcy-Forchheimer relation. Cattaneo-Christov heat flux model is used for heat transfer phenomena. Viscous dissipation effect is taken in account. Skin friction and Nusselt number are numerically calculated. Total entropy generation is also discussed for squeezing system. Transformation technique is applied to transform the model from partial differential equations to ordinary differential equations. Homotopy techniques are applied to solve the problem. The influence of important parameters on velocity, temperature, and entropy profiles have been shown graphically and discussed in detail.
Introduction
The development of high energy storage technologies is basic goal of the researchers and engineers. It is due to very high demand of heating/cooling in industrial processes. It is an indispensable challenge for the researchers to enhance the heat transfer properties of traditional coolants like water, oil, and ethylene glycol which have low thermal conductivity. Due to such motivation, first attempt made by Cho in this direction is to pronounce the thermal conductivity of traditional liquids by adding nanosized metallic particles. The adding of nanosized metallic or any other particles in base fluid makes nanofluids. Nanofluids are essentially suspensions of very small solid particles of size 1 to 100 nm with base liquids, such as water, oil, and ethylene-glycol. These solid particles are called colloids or nanoparticles. The size of nanoparticles must be less than 100 3 10 À9 m. Those nanofluids are more ideal, in which nanoparticles are smaller than 20 3 10 À9 m. Both mineral oil and vegetable oil can be used as base fluids for making nanofluids. 1 Commonly used nanoparticles are diamond, graphite, silver, copper, nickel, aluminum, carbon nanotubes, nitride, and metallic oxides (Al 2 O 3 , CuO) . Thermal conductivity of the base fluid can be enhanced by adding the nanoparticles in the base fluid. Nanofluids have countless applications in technology, like in computer processer, heat exchangers, combustors, centrifugal and axial blades compressor, microelectronic boards circuit, fuel cells, refrigerators, hybrid-powered engines, gas turbines blades, and air conditioners. Khanafer et al. 2 examined the Buoyancy-driven heat transfer flow by using nanoparticles. Extremely different features of nanofluids make them very proficient in various applications. Nanofluids are used in medicine manufacturing, hybrid powered engines, fuel cells, and microelectronics; nanofluids are vastly used in the field of nanotechnology. Nanoparticles have no dissolution properties in the base fluid. Experimental surveys [3] [4] [5] [6] [7] disclose that pouring of metal powder or metallic oxides in the base fluid increases thermal conductivity, through which heat transfer rates increase. The basic concept of nanoparticles arises in the analysis of heat transfer. Nadeem and Lee 8 presented the theory of nanofluid over an exponentially stretching sheet. Over stretching or shrinking surfaces Nadeem and colleagues [8] [9] [10] [11] examined the influences of nanoparticles for boundary layer flow.
Magnetohydrodynamics (MHD) is a branch of physics in which we study behavior of electrically conducted fluid under the magnetic field. Plasma, salt water solution, and molten metals are the examples of magnetofluids. Sun is also the example of MHD system. Hannes Alfven, who received the Nobel Prize in Physics in 1970, initiated the field of MHD for the first time. Hannes Alfven 12 for the first time used the word magnetohydrodynamics in 1942. Recently, Shah et al. [13] [14] [15] have discussed MHD nanofluids flow with rotating systems. Farady 16 conducted an experiment in 1832 over Waterloo Bridge in London in which he studied the flow of salty water through River Thames under the earth's magnetic field, which produces the potential difference between the two banks of the River Thames. Michael Faraday called this effect Magneto electric conduction. The current was too low to measure with equipment at that time.
The heat transfer properties in many industrial processes have extensive demands in batteries, nuclear reactors, and transportation and so many other applications. In such procedures, different thermophysical properties of different equipment in industries like thermal conductivity are mostly keeping constant. However, pragmatic circumstances claim changing characteristic from these properties. These thermophysical properties of materials change due to temperature smoothly in temperature range of 225 K to 480 K. The law of heat conduction is first time presented by Fourier. 17 This Fourier law shows many behavior of heat transfer in many practical phenomena. This law about the heat transfer is ''the time rate of the heat transfer through a material is proportional to the negative gradient in the temperature and to the cross sectional area through which the heat is flowing.'' But this model was very early presented by Fourier, which is now not fulfilling the needs of modern technology, when any initial disorder is felt instantly through the whole body. Cattaneo modifies Fourier classical model to overcome this difficulty. He adds the term of thermal relaxation time in the original model, which permits the flow of heat through propagation of thermal waves with limited velocity. 18 After the Cattaneo 18 modification in the classical Fourier model, Christov improved the model presented by Cattaneo and further added the term of thermal relaxation time along the Oldroyd's supper convicted derivatives, so that the materialinvariant formulation may be achieved. For additional readings about production of entropy, see previous studies. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] Hayat et al. 38 ,39 discovered entropy generation during nanomaterial flow in spinning coordinates. Nouri et al. 40 explored entropy generation of nanofluid flow with spherical heat source. Dalir et al. 41 talked about production of entropy in Jeffrey nanofluid flow over stretching surface. Straughan applied CattaneoChristov model to explore thermal convection in the flow of incompressible fluid. Cattaneo-Christov equations' structural stability and uniqueness are deliberated by Ciarletta and Straughan. 19 Haddad 42 studied the impact of Cattaneo-Christov heat flux for the thermal instability in Brinkman porous medium. Uniqueness of Cattaneo-Christov heat of fluid with constant density is considered by Tibullo and Zampoli. 43 Mustafa et al. 44 studded rotating flow of magnetite-water nanofluid over stretching sheet with non-linear thermal radiation. Cattaneo-Christov heat flux impact in Jeffrey fluid flow with homogeneous-heterogeneous reactions is studied by Hayat et al. 45 Liu et al. 46 considered anomalous convection diffusion and wave coupling transport of cells on comb frame with fractional Cattaneo-Christov heat flux. MHD flow of CattaneoChristov heat flux for flow of Williamson fluid over stretching surface having variable thickness is analyzed by Salahuddin et al. 47 Liu et al. 48 studied fractional anomalous diffusion with Cattaneo-Christov flux effects in a comb-like structure. Hayat et al. 49 explained the impact of Cattaneo-Christov heat flux in the flow over surface having variable thickness. Hayat et al. 50 also employed Cattaneo-Christov heat flux in MHD flow of Oldroyd-B fluid over a stretching surface with homogeneous-heterogeneous reactions. Analytical solution for flow of an Oldroyd-B fluid in the presence of Cattaneo-Christov heat flux is developed by Abbasi et al. 51 Maxwell fluid over exponentially stretching surface is calculated numerically by Khan et al. 52 Hayat et al. 53 examined three-dimensional flow of Jeffrey liquid subject to Cattaneo-Christov heat flux.
Literature of the fluid specifies that most of searches are carried out via constant physical fluid properties like fluid viscosity, surface tension, and thermal conductivity. However, variation in physical properties occurs significantly due to temperature difference. Water viscosity decreases up to 240% with the change of temperature from 284.15 K to 323.15 K. 54 The flow and heat transfer over a stretching surface has important applications in the polymer industry. For instance, a number of technical processes concerning polymers involve the cooling of continuous strips (or filaments) extruded from a die by drawing them through a quiescent fluid with a controlled cooling system and in the process of drawing these strips they are sometimes stretched. In these cases, the final product of desired characteristics depends on the rate of cooling in the process and the process of stretching. During the manufacturing of these sheets, the mixture which is issued from a slit is subsequently stretched to achieve the desired thickness. Finally, this sheet solidifies while it passes through effectively controlled cooling system in order to acquire the top-grade final product. Apparently, the quality of such a sheet is definitely influenced by heat and mass transfer between the sheet and the fluid. During its manufacturing process, a stretched sheet interacts with the ambient fluid both thermally and mechanically. 55 T.
Hayat et al. 56 analyze the mixed convection flow of MHD water-based nanofluids containing silver and copper as nanoparticles. From the literature, we observed that researchers have studied the fluids which have low electrical conductivity give more skin friction and drag force during nanofluid flow. The skin friction or drag forces of the nanofluids are reduced by applying electric field externally on such fluids. 57 T. Hayat et al. 58 studded the MHD entropy generation due to rotating plate in presence of viscous dissipation and Joule heating. Flow due to stretched surface has many industrial and engineering applications for Condensation process, polymer extrusion, drawing of copper wires, die forging and extrusion of polymer, paper production and fiber production are the real life or industrial applications of stretching sheet. 59 Entropy generation minimization (EGM) is very beneficial in many systems like microchannel, reactors, curved pipes, fuel cells, gas turbines, chillers, chemical and electrochemical, natural convection, evaporative cooling, solar thermal, regular, air separators, and functionally graded materials. 60, 61 The aim of our current investigation is to analyze the Cattaneo-Christov heat flux in three-dimensional micropolar nanofluid between parallel, squeezing, porous, and horizontal plates with rotating system. Entropy generation is also discussed in the current investigation. An analytical approach is adopted to tackle the modeled nonlinear coupled equations by using homotopy analysis method (HAM). [62] [63] [64] [65] [66] [67] [68] The embedding parameters and its impacts are studied graphically.
Problem formulation
We assume the unsteady flow of incompressible viscous fluid between two parallel plates. The nanofluid which is flowing between the two parallel plates may be composed of nanopowder of any one of aluminum oxide (Al 2 O 3 ), copper oxide (CuO), silver (Ag), copper (Cu) and Water (H 2 O) as a base fluid. The upper plate is squeezing down with time-dependent velocity
time-dependent height between two parallel plates. y nf is the viscosity of the nanofluid, and b shows time parameter with dimension per unit time or (time) 21 and bt\1. The lower plate is stretched with two forces equal in magnitude but opposite in direction and is applied in such a manner that the origin of the plates does not translate. The elongating velocity of the lower plate is of the form U w = ax=1 À bt, where a is the stretching perimeter. The whole system is rotating with the angular velocity O 0 . Cattaneo-Christov model is taken as heat flux. T w shows the temperature of the lower plate while T h represents the temperature of the upper plate and it is assumed that T w .T h .
The continuity equation and governing equations of the problem are ð5Þ
The boundary conditions of the modeled problem are of the form
Here u, v, and w are the components of velocity along x, y and z-axis, respectively. k Ã shows absorption coefficient or porosity of the medium, m nf describes viscosity of the nanofluids, r nf defines density of the nanofluids, k nf defines thermal conductivity of the nanofluids, (C p ) nf illustrates specific heat capacity of the nanofluids, O 0 define the angular velocity, l o is the relaxation time of heat flux,
illustrates the non-uniform inertia coefficient. The boundary conditions explains that the velocity component of the nanofluids along x-axis at y = 0 is equal to the stretching velocity of the lower plate, that is
there is a suction at the lower plate or at y = 0. Temperature of the lower plate is T = T w . Velocity of the fluid along x-axis at the upper plate becomes extinct and
shows that velocity of the nanofluid along y-axis which is equal to the squeezing velocity of the upper plate. Here the negative sign indicates that the upper plate is moving toward decreasing of y-axis. Temperature of the upper plate is T = T h .
According to Xue Model, ratios of different physical characteristics of the base fluid to nanoparticles are
where u represents the nanoparticles fraction by volume in the base fluid. Assume that the total volume portion of the nanofluids is 1. Then it is obvious that (1 À u) will be the volume portion of the base fluid. m f represents the dynamic viscosity of the base fluid (water). r f is the base fluid density, k f is the thermal conductivity of the base fluid, s f is the electric conductivity of the base fluid, and (C p ) f is the specific heat capacity of the base fluid. The subscript (s) indicates solid nanoparticles, f indicates base fluid, and nf indicates the nanofluid and the corresponding symbols indicate the identical terminologies.
The following transformations are defined
Equation (1) is identically satisfied and equations (2)-(6) becomes
Satisfying the following boundary conditions
Different constant terms in equations (9)- (11) are expressed as under
Here, A 1 describes the ratio of densities between nanofluids and base fluid, A 2 describes the ratio of electric conductivities between nanofluids and base fluid, A 3 describes ratio of dynamic viscosities between nanofluids and base fluid, A 4 describes the ratio of thermal conductivities between nanofluids and base fluid, A 5 describes the ratio of specific heat capacities between nanofluids and base fluid, a illustrates the rotation parameter, b illustrates the squeezing parameter, g illustrates the thermal relaxation parameter, d defines the suction parameter, l demonstrates the porosity parameter, l o demonstrates the relaxation time, Fr shows the inertia coefficient, Pr shows the Prandtl number, Tr denotes the thermal radiation, and E c and E d are local Eckert number and Eckert number, respectively. The skin friction coefficient of the nanofluids is defined as
where t w define the wall share stress and is defined as t w = m nf ∂v ∂x + ∂u ∂y
Using equation (15) in equation (14), after simplification, we get
where Re x (xU w =y f ) is the local Reynolds number. Heat flows through conduction in solids, while in liquids through convection. Nusselt number is a dimensional number. Nusselt number gives an idea that how heat flowing rate in convection is related to the heat rate flowing in fluids. Nusselt number for the modeled problem takes the form
where q w define the heat flux and is defined as
Substitute equation (18) in equation (17), after simplification, we get
Entropy analysis
The dimensional form of the volumetric entropy generation rate (E G ) is defined as 46 ,47
Using equation (8), equation (20) reduced as
where
2 ) describes the entropy generation rate, T c = T h =T w À T h defines the temperature ratio of the upper plate to the temperature difference of the two plates.
Substitute E G =E G O = N S in equation (21), we get
The component form of the dimensionless entropy generation rate can be written as
The entire volumetric entropy production is given by
Bejan number
The comparison between rate of entropy generation for heat transfer and the entire entropy production is called as Bejan number. The Bejan number is defined as
Bejan number is a dimensional number and Be 2 ½0, 1: If Be 2 (0:5 , 1, It means that Nh dominates. If Be 2 ½0, 0:5), It shows that entropy generates due to roughness among nanoparticles and also with the wall/plates, joule heating and sponginess dominate. If Be = 0:5, then both heat transfer entropy generation and entire entropy generation are balanced.
Solution by HAM
We implemented HAM to tackle our model equations. HAM is a semi-analytical method to solve the nonlinear ordinary differential equations (ODEs)/partial differential equations (PDEs). Basically, the concept of HAM is derived from topology, in which we create a series which gradually converges to the solution of the nonlinear system of ODEs/PDEs. HAM was first introduced by Liao Shijun during his PhD work in 1992. [48] [49] [50] [51] Later, he modified this method for a nonzero auxiliary parameter c 0 . This c 0 is non-physical parameter, which provides a simple way to enforce the convergence of the series solution of system of non-linear ODEs/PDEs. The solutions of equations (9)- (11), according to boundary conditions in equation (12), are calculated by HAM. The initial estimates for the equations (9)- (11) are assumed asf
The linear operators are defined as
The initial solution is of the form
Here P 8 m = 1 K m where m = 1, 2, 3 . . . are arbitrary constants.
The 0th order deformation form with boundary conditions are
The substantial nonlinear operators N f , N g , N u are planned as
When c o varies from 0 to 1, then expanding with boundary conditions
At c o = 1, we obtain
Differentiating 0th order equations, the a th order deformation equations with boundary conditions are
Here
The complete homotopic solutions in general form are indicated as under
Here f
are the particular solutions of the equations.
Analysis
In this article, we are interested to examine the analytical results of the modeled system of PDEs. The transformed PDEs are numerically solved by HAM. The velocity components (df =dz, f ), temperature u(z), entropy generation (Ns(z)), and Bejan number Be(z) for nanofluids Al 2 O 3 -H 2 O, CuO-H 2 O, Cu-H 2 O, and Ag-H 2 O are discussed by using different physical parameters. More consideration is given to the squeezing parameter b, Hartmann number M, porosity parameter l, thermal radiation parameter Tr, suction parameter d, Prandtl number Pr, and Eckert numbers (E c and E d ).
Results and discussion
The key motivation here is to explain the important features of different physical parameters on the velocity of the nanofluid and temperature dispersals in nanofluid. The impact of various physical parameters like porosity l, suction d, squeezing b, Hartmann number M, thermal radiation Tr, Prandtl number Pr, Eckert numbers (E c and E d ), and four different nanoparticles water-based fluid over velocity profile (df =dz, f ) are discussed graphically in Figures 2-9 . The physical geometry of the modeled problem is shown in Figure 1 . The variation in velocity profile of the nanofluid due to four different kinds of nanosized particles (Al 2 O 3 , CuO, Cu, and Ag) is discussed graphically in Figures  2-9 . In Figures 2 and 3 , the velocity components (df =dz, f ) are sketched under the influence of nanoparticles volume fraction u. When the nanoparticles volume fraction u increases, the velocity components (df =dz, f ) also increases. In Figures 4 and 5 , the velocity components are discussed under the influence of porosity l. The increase in porosity l increases the velocity component f (z). While the porosity parameter l increases, the velocity component f 0 (z) decreases in the region 0 ł z ł 0:42 and increases in the region 0:42\ z ł 1. The velocity disturbance by squeezing of the plate is discussed graphically in the Figures 6 and 7 . When the squeezing parameter b increases, the velocity components (f 0 (z), f (z)) increase. Because of squeezing, low space between plates goes to high speed of the nanofluid. In Figures 8 and 9 , the velocity components under the influence of inertia coefficient Fr are displayed. We clearly notice in Figure 8 that the increase in inertia coefficient increases the velocity component f (z). But in Figure 9 , we realize that the increase in inertia coefficient increases the velocity component f 0 (z) in the region 0 ł z ł 0:42 and decreases in the region 0:42\z ł 1.
The behaviors of the Prandtl number Pr, Eckert numbers (E c , E d ), squeezing parameter b, nanoparticles volume fraction u, and four different kinds of Nanopowder water-based fluid on temperature profile are portrayed in Figures 10-14 . The impact of four different kinds of nanoparticles with water as a base fluid (Ag2H 2 Figure  10 . From here, we observe that temperature u(z) is predominant for Ag2H 2 O, Cu2H 2 O, CuO2H 2 O, and Al 2 O 3 2H 2 O nanoliquids. Effect of E c on u(z) is shown in Figure 11 . Here the temperature profile u(z) is increasing function of E c . It is obvious from the figure that the increase in E c increases the temperature profile u(z). Figure 12 describes the impact of Eckert numbers E d on temperature profile u(z). We observed that temperature field u(z) increases with larger values of Eckert numbers. Figure 13 surveyed the impact of squeezing parameter b on temperature profile u(z). Clearly, we observed that the temperature rise quickly with the increase in squeezing parameter. Larger squeezing parameter means that upper plate moves downward; hence, interatomic collision of the nanopowder increases due to small space available between the plates and the particles of the nanofluid. When the collisions among atoms of the nanofluid enhance, temperature of the nanofluid enhances. Figure 14 shows the effect of Prandtl number Pr on temperature profile u(z). Here, we examined that temperature field decreases via Prandtl number Pr. Larger values of Prandtl number links to lower heat conductivity; hence, temperature profile u(z) is decreased.
Impacts of different physical parameters like Prandtl number Pr, Eckert numbers (E c , E d ), porosity parameter l, nanoparticle volume fraction u and four kinds of nanoparticles water-base fluids over total entropy production Ns and Bejan number Be are illustrated graphically in Figures 15-24 . Figure 15 shows the influence of nanoparticles volume friction on total entropy generation N s . We see clearly that total entropy generation N s enhanced in the region 0 ł z ł 0:3 with the enhancement in nanoparticles volume friction u, but the entropy generation N s has a very minute change in the region 0:3\z ł 1. Figure 16 illustrates the influence of nanoparticles volume friction u on Bejan number. Here, we clearly identify that the Bejan number increases with the large values of nanoparticles volume fraction. Figure 19 shows graphically the effect of porosity l of the plates on total entropy generation N s . In Figure 19 , we see that total entropy generation little bit increases with increase of porosity l of the plates. Figure 20 displays graphically the behavior of Bejan number Be via porosity l of the plates. From Figure 20 , we observe that Bejan number Be increases with the increase in Porosity l of the plates. Figure 21 displays the behavior of total entropy generation N s via Eckert number E c . In this figure, we see clearly that total entropy generation N s increases with the higher values of Eckert number E c . Figure 22 illustrates the behavior of Bejan number Be via Eckert number E c . Here, Bejan number Be slightly falls with the increase in Eckert number E c . Figure 23 demonstrates the total entropy generation N S by the variation of Eckert number E d . From here, we observe clearly that entropy generation N S boosts rapidly with the enhancement of Eckert number E d . Figure 24 explains graphically the impact of Eckert number E d over Bejan number Be. In Figure 24 , we see clearly that Bejan number Be falls with the higher parameter of Eckert number E d . In Table 1 , some physical properties of nanofluid are shown. Table 2 represents the impact of embedded parameters on skin friction coefficient. We see that as b increases, skin friction decreases very rapidly keeping the other parameters Fr, l, u and a fixed. Skin friction decreases via increasing inertia coefficient Fr. We see from the table that with the increase in l, the skin friction has a very little disturbance. Skin friction increases with increase in nanoparticles volume friction. The rotation parameter a has a very tiny effect on skin friction mean decrease with very tiny difference. Table 3 represents the impact of embedded parameters on Nusselt number. The relation between b and Nusselt number is directly proportional, but when we decrease b, Nusselt number decreases very slow, keeping other parameter fixed. From the above table, we observe that the increase in the porosity of the plates decreases Nusselt number suddenly. The relation among Prandtl number and Nusselt number is inverse while keeping the remaining parameters fixed. The effect of Eckert numbers over Nusselt number is converse. The increase in Eckert number E c and E d decreases the Nusselt number Nu rapidly. From the above table we see that the relation among time relaxation parameter g and Nusselt number Nu is direct; when we increase time relaxation parameter g, the Nusselt number also increases. The obtained results are compared with previous published 61 results. An excellent agreement is found between it.
Conclusion
In this article, we have investigated the salient features of heat transfer in the squeezing flow of copper oxide (CuO), aluminum oxide (Al 2 O 3 ), copper (Cu), and silver (Ag) based nanofluid in which water (H 2 O) has been used as a base fluid, between two rotating parallel plates with lower one stretching with viscous dissipation. The transformed PDEs of this article are solved by HAM. More considerations are given to physical parameters like squeezing parameter b, Hartmann number M, Porosity l, Thermal radiation Tr, Suction parameter d, Prandtl number Pr and Eckert numbers (E c , E d ).
The key points are summarized as follows:
The velocity profile f (z) is increased with the increasing u, l, b, and Fr. The velocity profile f 0 (z) is increased with the increasing b. The velocity profile f 0 (z) displayed dual behavior with the escalating u, l, and Fr. The temperature profile u(z) is increased with the escalating u, Ec, Ed, and b while decreased with the escalating Pr. The entropy generation Ns is increased with the increasing u, Pr, l, Ec, and Ed. The Bejan number Be is increased with the increasing u, Pr, and l while decreased with the escalation in Ec and Ed.
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